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ASPECTS OF EPIDERMAL ULTRASTRUCTURE 
AODAN S. BREATHNACH. M.D. 
Department of Anatomy. St. Mary's Hospital Medical School (Uniuersity of London), London, England 
Some problems posed by primarily ultrastructural studies of the epidermis are highlighted 
and discussed, and on the whole it is concluded that purely morphologic observations are 
unlikely further to elucidate such questions as the nature and function of keratohyalin, or the 
dynamic aspects of the genera l' keratinization process. The contribution of freeze-fracture 
stud ies to the understanding of the functional morphology of the epidermis is assessed, with 
particular reference to specialized contacts, and the stratum corneum. Passing reference is 
made to the epidermal nonkeratinocytes. 
The first satisfactory electron micrographs of 
mammalian epidermis, published by Selby [1] in 
1955, were followed by such a plethora that by 1964 
Mercer [2] opined that any future descriptions of 
the fine structure of skin and hair were not likely 
greatly to improve on those a lready avai lable. Few 
of these descriptions dealt directly with human epi-
dermis, but this area has since been fairly well 
covered, both at prenatal and postnatal levels 
[3- 8] . My original terms of reference, which were to 
summarize and review all the pertinent details, 
presented a formidable task, considering those 
aspects of the functional morphology of the epider-
mis which have been particularly well illuminated 
by ultrastructural studies . These include (1) the 
basic development and differentiation of keratino-
cytes and the nature of intercellular contacts, (2) 
epidermal- dermal relationships in development 
and morphogenesis, (3) the structural features of 
keratinization, and (4) specification of the epider-
mal nonkeratinocytes-melanocytes, Langerhans 
cells, Merkel cell s. These studies, perhaps more 
than any others, have confirmed the concept of the 
epidermis as a tissue made up of functionally 
re lated components of diverse origin [9- 13] rather 
than a hodgepodge of isolated elements. They have 
a lso been of inestimable value in directing the 
experimental approach of investigators using a 
var iety of techniques and in monitoring their 
results. Since much or all of this background is well 
known by now, I can afford to be se lective in my 
approach. What I propose to do, therefore, is to 
highlight for discussion what I consider to be some 
sign ifi cant recent, and not so recent, observations 
which have posed problems as yet unsolved . Most 
of these problems lie within the areas li sted above; 
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others lie inside the territories of other contrib\!, 
tors, who, I am confident, will render some of Illj' 
queries superfluous. 
Practically every specialized technique a "ailabl~ 
to the electron microscopist has, at some time Ot 
another, been applied to the epidermis, viz, elec, 
tron hi stochemistry [14,15) , electron radioau togra, 
phy [16,17], marker, tracer, and injection tech, 
niques [18-21], enzymatic digestion of thin sec, 
ti~ns [22,23], and, more recently, scanning e!ectron 
microscopy [24- 28] and freeze- fracture repltcatiot\ 
[29- 33]. Since my colleagues and I have beel\ 
engaged over the past three or four years in 
applying this last technique to the study of skin, il 
is already fairly well known. I only hope that thi~ 
report will serve to suggest its application tQ 
problems within other spheres of interest to ski!) 
biologists. 
SPECIALIZED CELL CONTACTS AND PLASMA 
MEMBRANE OF KERAT1NOCYTES 
The precise specification of the various types 01 
specialized contacts between epithelial cells is ~ 
notable achievement of transmission electron mi, 
croscopy. This description has provided a sQUI1Q 
basis for analysis of the functions of the contact 
[34 ]. These functions have been thoroughly listeq 
by Campbell and Campbell [35] who state that 
"the location and specificity of cell junctions at~ 
key elements in the specificity of many histologicall 
and cytological characteristics, such as tiSS\l~ 
permeability, transmission of signals, recognitiQ!) 
of cells during embryogenesis, tissue differentia, 
tion, and the shape, polarity, and internal organi, 
zation of cells." They further point out that & 
fundamental prerequisite for a detailed analysis of 
these functions is a full understanding of th~ 
mechanisms underlying the developmental origin 
of contacts and their renewal in desquamating 
epithelia such as the epidermis. Mercer [2] dis, 
cussed these questions at the last symposium on 
the epidermis and emphasized that the origin 01 
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desmosomes poses two problems: (1) Where do the vations on column movement, there must be a 
materials that compose the desmosomes come continuous process of dissolution and reformation 
from? (2) How are these materia ls organi zed in to or relocation of desmosomes in postnatal epidermis 
desmosomes at particular sites on the cell surface? which is difficult to expla in in terms of fixed loca l 
Though subsequen t developmental [4,36 ] and ex- sites of organization wi thin the mem brane, which 
peri m ental [37,38] studies with routine transmis- was a prime premise of Mercer's speculations. 
sion electron microscopy have established the However, it is well established that the particles 
sequence of differentiation of desmosomes, they revealed within membranes by the freeze - fracture 
have thrown very little light either on these prob- technique are capable of reversible aggregation 
lems or on Mercer's [2] in teresting speculations a nd d ispers ion [41], and this would make it pos-
about t he second , and perhaps more important, of sible to ente rtain the suggest ion that se lective lat -
the two. This is partly due to the inherent limi ta- eral recruitment of pecific intramembranous 
tions of the technique itself in providing precise organi zing components (particles) occurs, and 
information on such features as shape, size, num - thereby induces desmoso me formation at any poi nt 
bers, a nd distribution of desmosomes, and in on t he surface of the membrane. Such a (reve rsi-
demonstrating local heterogeneities of plasma ble) process of recruitment, which in turn could be 
membrane which might indicate spec iali zed or incl uced by heterogeneit ies of the cell 's microen-
unique sites in terms of membrane components. vironment [37 j, might we ll provide for site-shifting 
The a bili ty to demonstrate these features is essen- of con tacts in particu la r circumstances and cou ld 
tia l for any approach to such questions as the account for the conversion of unspecialized mem-
sta bility a nd perm anence, or otherwise, of con- brane in to contact mem brane. 
tacts. To some extent, these limitations have been Thus, freeze- fracture has distinct possibilities 
overcome by the freeze- fracture replication tech- for the future investigation of these dynamic as-
nique [30- 32 ]; it is, therefore , important to con- pects of the functional morphology of desmosomes, 
sid er its bearing upon certa in aspects of the prob- particu la rly if, as seems likely, it can be combined 
lems ou t lined above. with appropriate cytochemica l techniques for posi -
A major advantage of th is technique is its ability t ive ident ifi cation of in tramembranous compo-
to reveal, en fa ce, extensive fracture fa ces of the nents. T he technique has a lready cont ribu ted 
in ternal matrix of membranes which have not been signifi cantly to an und erstanding of t he static 
exposed to chemica l fixation or other steps of arrangemen t of all specia li zed contacts [34 J and 
con ventiona l process ing [34,39J. Character isti- has prov ided a rea listic and practica l method for 
cally, the fracture faces of most membranes exhibit estimating their shape, size, and distribution over 
individual 8- to 10-nm , m embrane-associated par- the ce ll surface (Fig. 3) , features which vary wit h 
ticles, which Il re clearly interna l components of the pa rt icular epidermal disorders and are extremely 
membrane, probably protein or lipid- prote in ag- difficul t to assess accurate ly by examining thin 
gregates. Evidence is accumulating that some of sections, even seri a l sections. 
t hese part icles may represent specific enzymes and Insofar as freeze- fracture provides information 
may se rve as receptors or recogni t ion sites for other about the basic structural componen ts of mem -
molecules . There is a lso evidence that variations in branes, it should a lso prove a useful ancilla ry tool 
the number, grouping, and size of these particles to those who study the metabolic processes wit hin 
m ay be related to the "activity. " physiologic state , both normal and di seased epidermis. Nucleocyto-
or spec iali zed funct ion of membranes, or parts of plasmic information transfer must be involved in 
mem branes [40] . Replicas of plasma membranes of many of these processes, and freeze- fracture is an 
epiderma l keratinocytes (Fig . 1) revea l, in addition ideal method for determining the role of nuclea r-
to general membrane-associated particles. aggre- pore variations in affecting thi s [42 ]. Freeze- frac -
gates of close ly packed par t icles co inciding with ture with sublim ation is in creasingly being applied 
t he s ites of desmosomes [30- 32 ]. In view of what in immunology to identify by labe ling techniques 
has been sa id above about the probab le nature of a ntibody sites on the membrane surfaces of such 
in t ra membranous particles, t his a pparent loca l ce lls as erythrocytes and lymphocytes [43,44], and 
concentration could be construed as support for in our la boratory to visua li ze an t ibod ies directly . 
Mercer's [2] suggestion that desmosomes represent Presumably, it can also be applied to t he stud y of 
unique, possibly predeterm ined , sites (cata lytic immunologic aspects of ep iderm al ce ll membranes. 
sites) in terms of specifi c membrane components " 
as represented by particles, and that t he mem-
brane per se is the prime organizer of the location 
of the desmosome and of its in tra- and extra-cellu-
lar components . Ca mpbell and Campbell [35 ] 
postu lated t hat during deve lopment, preex isting 
areas of desmosomes spli t, stretch, or pinch in two 
and thereby give ri se to new ones. On the basis of 
what has been sa id a bove, certa in appea rances in 
feta l ep idermis a re compatible with this postulate 
(Fig. 2). Even a llowing for Mackenzie's [13] obser-
KERATIN IZATION 
In its broadest sense, epidermal keratini zation 
involves the transformation of commi tted basa l 
and spinous laye r cells, t hrough the stage of the 
g-ranular ce ll, in to the fl attened squames of the 
stratum corneum. Whether thi s be rega rded as a 
process of different iation or di sin tegrat ion, it 
clearly involves compli cated kinetic and metaboli c 
changes at a ll leve ls; for a complete understanding, 
structural observations must be corre lated with 
4 
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chemical and other data . Since these latter aspects 
are deal t wi th in later papers, I sha ll confine myse lf 
to setting the morphologic scene and posing some 
questions for these presenta tions. 
Although much is known about t he static fine 
structure of the epidermis, t he dynamic aspec ts of 
keratinization have been only diml y illuminated 
by ultrastructural studies to date; some would go 
so far as to say that they have already reached their 
ULTHASTHUCTUHE OF EPIDEHM IS 5 
practica l lim it of elu cidation . Pictures of isolated 
stages can be presen ted and argued about, but 
signi fican t gaps remain. Exam ination of graded 
feta l and regenerating materia l, which might be 
regarded as ideal models in which to study the 
process at slower motion and even perhaps to 
capture in termediate stages te lescoped in full y 
developed or in tact epidermis, has proved unre-
warding [4 ,6,45,46 ]. L ikewise , .stud ies of diseased 
FIG. 3. Replica from human feta l epidermis showing in the ma in, fracture face I n (directed toward the in ter ior) of 
periderm cell , and fracture fa ce Ex of uppermost defini t ive epidermal cell . T his preparation demonstrates clearly the 
value of the freeze-fra cture technique in studying t he sha pe, size, a nd distribu t ion of desmosomes, whi ch . are 
represented on the In face by aggregations of desmosom al par t icles (DP). Linear arrays of part icles (T J) represent t ight 
junctions ( x 37,000). 
FIG. 1. Freeze- frac ture repli ca of basa l layer ce lls of hu man fetal (crown- rump I - R] length. 134 mm) epidermis to 
illus t ra te fea tures of plasma membrane revealed by the techniqu e. T he extensive area, In, is a fracture face of the 
plasma membra ne of a ce ll directed toward its in te rior a nd carrying, in add it ion to ind ividual membrane-associated 
particles (MAP)., aggreg~ tion s. of close ly packed part icles (DP) whi ch coincide wi th desmosomes. I C, intercellu lar 
substance; Ex, frac ture face of plasma membrane of a pposed ce ll d irected toward Its exten or ; Cy. cytoplasm of th iS 
latter cell. Membrane-associa ted par t icles a nd desmosoma l particles are in te rna l components of the membrane. since 
the fracture face which carries them has been revea led by split ting of the membrane ( x 65,100). In thi s and succeeding 
micrographs, direc tion of platinum shadowing is indi cated by arrow at lower left [30 I. 
FIG. 2. Repli ca of plasma membranes of epiderma l ce lls of hu man fetus. Ex , fracture face of plasma membrane 
directed toward cell exterior; In , frac ture face of pl as ma membrane of a pposed cell which is di rected toward its interior. 
Note individual membrane-associated part icles on both fracture faces. Note a lso on fracture face In, individual circum-
scribed aggregations of desmosomal part icles (DP) and extens ive irregular areas of partic les of simi lar s ize (PA) . T he 
ou t line appearance of these latter areas could suggest that individua l aggregations of desmosomal particles a re produced 
by spli t ting or nipping ofT of portions of la rger preexisti ng collections of pa rticles. Aggregated desmosomal part icles are 
not presen t on fracture face Ex of plasma membra nes of noncorni fied epidermal ce lls (x 43.245) [921. 
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ep idermis cannot be said to have significant ly 
illuminated the basic normal changes. Crucia l to 
t he whole question are problems concerning the 
structure of the stratum corneum cells, tonofil a-
ments, and keratohyaline granules . Let us con-
s ider the present position on t hese matters. 
Structure of Stratum Corneum Cells 
From Brody's early studies (47], t he fully kerat-
inized cell emerged as one with a modified plasma 
membrane enclosing a matrix of fi laments embed-
ded in an amorp hous substance and arranged in 
bundles or fibrils to form a "keratin pattern" 
s imilar to t hat previously demonstrated in ha ir 
cortex [48]. Kligman [49] referred to these two 
components in a functional sense as exoskeleton 
and endoske leton, respectively, emphasizing the 
remarkable toughness of t he membrane and its 
resistance to chem ica l agen ts. U ltrastructura l ob-
servations ini t ia lly led to the suggestion t hat t his 
toughness was due to a " t hickening" of t he mem-
brane by t he add ition of material to either its outer 
[50 ] or its inner aspects [51]. More recently, 
however, direct observation [52] , enzymatic diges-
tion experiments [22], and a freeze- fracture stud y 
[32] have clearly demonstrated that there is no 
true t hi cken ing of t he membrane proper but a 
deposition of electron-dense material on its inner 
aspect. According to Matoltsy [53], this mater ia l 
consists of 5-nm particles embedded in an amor-
phous matrix which he refers to as "protective 
material." T he source and chem ica l nature of this 
materi a l in hum an epiderm is are debatab le, but 
observations of s imilar material, i. e., t he cornified 
ce ll s of rat tongue l54), indicate that it is derived 
from a granule which Jessen considers to be a form 
of keratohyalin . This type of granu le, which in rat 
tongue is not associated with tonofila men ts, does 
not occur in normal human epiderm is, though 
something similar has been reported in patholog ic 
skin [55J. 
T hough the plasma membrane of the stratum 
corneum ce ll appears to maintain an unaltered 
" unit-membrane " appearance in stained thin sec-
tions [22J, it is clear from t'reeze- fracture observa-
tions that it is, in fact, profoundly modified inter -
nally [32 ]. Membrane-associated particles are 
practically absent from fracture faces of the gen-
era l plasma membrane (Figs. 4, 5), and insofar as 
such particles may represent active t ransport sites, 
or agents, t hi s feature could indicate cessation of 
plasma membrane activity in this connection and 
be a morphologic express ion of one element, at 
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least, of t he barrier functiQn of t he stratum CQr. 
neum. The interna l structure of t he mem~rane at 
desmosomes is a lso a ltered [32] . At all ep lderl11al 
levels below the stratum corneum, desmoSOl11al 
particles are present on ly on t he fracture face of th~' 
plasma membrane which is directed toward th~ 
in terior of t he ce ll (Figs. 1. 2). In t he stratUnl 
corneum, however, these particles are present on 
both fracture faces and there are other significa.nt 
features as well (F igs . 4, 5) . It is clear t hat in the 
stratum corneum the fracture traverses the desrno. 
some in a somewhat different m~nner, t hOUgh 
what causes it to do so is a matter fo~ s~ec.u la tion 
[32]. These observations provide a basIs tor Investi. 
gating the stratum corneum in d iseased condi tions 
Our preliminary observations on a se ries of cases 0; 
psoriasis indicate little or no change wIthin the 
stratum corneum cell membrane at early stages 01 
the lesions. 
Villous processes on the surface of stratUl\) 
corneum cells have been described by sCanning 
electron microscopists both in normal and Pso. 
riatic epiderm is [27,28,56), and it has been Sug. 
gested t hat they rep resent the attachment sites ot 
desmosomes wh ich have not, so far , been convinc. 
ingly shown by this technique. Co~siderin g th\!i tl 
appearance, t his seems rather unlikely, and this 
phenomenon of vill i remains somethj~g of a rny~ 
tery. Desmosome s ites are easi ly v l s~allzed on 
stra ightforward shadowed replicas of striPPed 
stratum corneum (F ig. 6) and in outli~e ate V\!f\ 
sim il a r to those revea led by freeze- fracture (el 
Fig. 3). 
T he freq uently observed lack of uniform interl1al 
fibrillar structure in straturn corneum ce lls and th, 
difficulty encountered by oth erWIse competent 
electron microscopists in cons isten t ly demonstrat. 
ing a keratin pattern may be due e ither to proce lS . 
ing difficulties or to t he probability t hat saIne 
degree of fibrillar reorganization or condensation 
conti nues as the cells proceed toward the surface 
[57]. Brody has described in detail t he morphologic! 
differences between two ce ll types, A and B (58J 
and later between three types [59 ] and the conse: 
quent difficulty of defining t hem because of varia. 
tions in the packing density of fibrils and in thl:!ir 
staining properties . He showed that keratohYalin 
may be present in the stratum corneurn and 
concluded that t he in ternal structure of ce lls doe I 
not a lter once t hey enter thi s s tratum. Cells 
exh ibi t ing li ttle or no keratin pattern he regards as 
having entered t he stratum corneum in an incol11. 
pletely differentiated condition, the difference 
F IG. 4. Repli ca from adult human stratum corneum. Cp, cytoplasm or cell with ri lamenls ; Ex, fracture face of p l~ 
me l~brane directed toward .exteri or of ce ll. Note, in contrast to situation at lower leve ls, the presence.of desmoSo rl)al 
particles (DPE) on th ls!'x lace. In, fract.uTe f.a~e of plasma membran~ directed toward in terior of cell wl.th desmosoTllal 
partIcles (DPI) . Note VIrtual absence o( II1dlvldual membrane-assocIated particles from the fracture faces. Ie. l nte~ 
ce llular substance (x 81.375). 
FIG . 5. Replica showing In (directed toward interior) fracture face of stratum corneum cell plasma membmne. \:l\t 
also the virtual absence of individual membrane-associated particles from the fracture face. Desmosomal partIcles (DPR 
are disposed upon raised plaques, associated with some which are branched ridges (R) which might represent modified 
tight junctions. All of these features indicate internal structural differences between stratum corneum .cell plasma ll1em. 
brane and plasma membranes at lower epidermal levels (x 52,731). 
7 
8 BREATHNACH Vol. 65, No, 1 
FIG. 6. Shadowed rep lica (secondary) of fifth str ipping of stratu m corneum of hu man forearm . P a rts ~f t hree cell~ 
(1,2,3) and two lines of apposit ion (A p ) are visible . T he line, 1m, is an imprint of the edge of an overlymg ce ll. D~ 
plaques possibly interce llular, coinciding with desmosomes ( x 11,200). Inset: Desmosoma l plaques at hIgh,,; 
magnification (x 37,000). (M icrographs kindly provided by Mr . M. Gross.) 
between them and other types reflecting variations 
in the "fina l degree of differen tiation " atta ined by 
cells of the noncorn ified ep idermis. T his view is 
somewhat supported by studies of feta l epidermis 
[4] and of keratiniz ing ora l epithelium [60,61 ]. In 
the latter, there are distinct regional variations (as, 
for example, between cheek, tongue, and palate) in 
the internal fibr illar arrangement of t he surface 
cells, which can be correlated with quali tative and 
quantitative differences between the componen ts 
of the underlying layers. If one agrees that a cell 
having a clear keratin pattern throughout repre-
sents the peak of keratinocyte differentiation, then 
one must conclude that th is is on ly sporadically 
attained, and then only quite rarely. Why should 
this be and to what extent do the barri er or 
mechanica l propert ies of the stratum corneu"\ 
var y with the propor tion of ce ll s of the differen t 
types descri bed? 
Tonofila.ments 
M ost workers believe that t he fil aments of th~ 
basal layer ce ll are fi brous prote ins which can bl) 
designated " prekeratin " (62 ], though the theor~\ 
that molecular keratin form ation . takes plac\) 
ma inly in the reg ion of the granular layer still ha~ 
its supporters [63]. Among those who accep t t h\) 
major ity view, much discussion a bou t whether th~ 
basal fil aments are iden t ica l with t hose of t h ll 
horny ce ll , and suggestions that they are altered i ~ 
some way as they ascend, has centered ~ roun~ 
repor ted differences in di amete r and a lteratIOns i ~ 
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staining reactions . Brodv [47 ] reports 50 A for the 
diameter of basa l layer filaments and 70 A for fila -
ments of t he stratum corneum and concludes 
therefore that there is a signifi cant in crease in size. 
Others cite broader ranges whi ch could be taken to 
indicate either no change or an actua l decrease in 
diameter . Anyone who has attempted to m easure 
this feature prec ise ly on mi crographs of sta ined 
thin sections will appreciate the diffi cul t ies in-
volved and the necessity of having profound fa it h 
in one 's own judgment. However, this sit uation 
seems likely at first sight to be eased with the 
introduction of the freeze - fracture repli cat ion 
technique. On fracture, tonofi laments ori ented at 
right ang les to the plane of fracture a re pulled out 
of the cytop lasm to some extent before they break, 
so that their broken ends project slightly above t he 
genera l fractu re surface . After the evaporation of 
platinum , therefore, they cast promll1ent shadows 
wi t h sharply defined edges, the wid th of which can 
be precisely measured (Fig. 7). and , which. pro-
vided there has not been too heavy a deposi t ion of 
platinum- carbon, must be very close to the true 
diam ete r of the fil ament. Unlike the situation with 
stained thin sections. individual filam ents are 
equally well definable in all laye rs so that rea li st ic 
comparisons of fil a ment di a meters a t d ifferent 
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levels a re feas ible. However. som e caution must be 
exercised in quoting absolute fi gures based on thi s 
type of measurement. Because t.h e fil a ments a re 
stretched. t hey probably undergo a degree of plas t ic: 
defo rm ity (perhaps frayin g) wh ich could a ffect (he ir 
apparent diameter. Filaments dis posed para ll el 
with the plane of frac ture and therefore pre-
s umab l.v undistorted a re occasiona ll .v seen but not 
regula rl y enough in our exper ience ( 0 warrant em-
barking upon a laborious se rie of measurements . 
These filam ents wou ld be cons istently re\'ea led in 
sublima ted (e tched) material. and once a reli able 
cryo protectant , whi ch wi ll perm it sublima li on of 
nonchemicall.v fix ed materia l. becomes ava ilable. 
their t rue diameter. unaffected by fixation or s tain -
ing, should be eas ily determin ed. Our preliminary 
impress ion is that it will be somewha t higher than 
it is now thought to be (approximately 10 nm) and 
more or less uniform at a ll ep idermal levels. 
Variations in the reactivity of filaments a t differ -
ent leve ls to individua l sta ins and fixatives has led 
Brody [64,65 ) to conclude that t hey undergo chem -
ica l a nd morphologic diffe rent iation as they move 
up from the basa l layer. In t he granular layer, 
according to him, filaments p lus interfilamentous 
substance (fibrils) are transformed into areas of 
keriitohya lin , from which emerge anew, the fila -
FIG. 7. Repli ca of cYloplasm of stratum granutosum cell (of psoriatic epidermis). Tonofilamen ts (F) project 
somewha t above the level of t he genera l fracture pla ne as evidenced by the shadows (S) cast by the~. T he width of 
these shadows ca n be precise ly measured (see a lso inset) ( x 67,000). Inset : Fi laments (F) and shadow (8) ( x 286,000). 
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ments of the stratum corneum ce ll. As I interpret 
Brody's writ ings, he is suggesting that these latter 
filaments are not identical with those of the basa l 
cell. T he basic building material may be the same, 
bu t t here has been a molecular rearrangement. In 
the final ana lysis, t hi s in terpretation rests upon 
purely morphologic observations; it will be inter-
esting to see whether it rece ives any new biochemi-
ca l support. It seems to me that one point is 
difficult to fit in with Brody's t heory. He stresses 
repeatedly that the final keratin pattern emerges 
from areas of kerato hya lin . But even in the upper-
most granular- layer cells of human ep idermis, 
filame ntous bundles unassociated with keratohya-
lin can be discerned. Presumably these have as-
cended unaltered from the basal layer. What 
happens to them subseq uent ly? Does Brody take 
them in to accou nt? It may be t hat when referring 
to a fina l degree of "fibrillar differentiation" in the 
subcorneal layers (58,59] Brody envisages it as 
idea lly involving t he fibrillar substance in toto, 
and that when he alludes to "variations of fibri ll ar 
differentiation " he means variations in the extent 
to which the total fibrillar material is transformed 
in to keratohya lin. If t his be so, then differences in 
the inte rna l fibrillar arrangement of stratum cor-
neum cell s, a lready referred to, might be related to 
variations in the proportion of transformed and 
un transformed filaments which t hey contain. But 
this is a ll pure specu lation, and I must say that I 
find this particul~r issue extremely confusing. Is it 
naive to find it difficu lt to believe that, having 
produced perfectly good fil amen ts at the basal 
leve l, t he ep idermis should , so to speak, mash 
them up again at a higher leve l in to form less 
keratohyalin and then refashion them for the 
stratum corneum? Rabbit palatal epithelium pro-
duces a corn ified layer, and the internal filamen-
tous arrangemen t of the cell s is well within the 
range of variations seen in the stratum corneum of 
hum an epidermis, even though keratohyaline 
granules are tota lly absent from the underlying 
cells [60]. 
Keratohyalin 
At the last symposium on t he epidermis, Ste-
phen Rothman (66J concluded hi s remarks under 
t hi s head ing as follows: "The nice keratohya lin 
granules seen in the light microscope have become 
ugly big blotches under the electron microscope, 
but a ll we still know about them, is that they are 
neither hyalin nor keratin ... " This was very fair 
comment at the time, and it will be interesting to 
see how far we will have advanced beyond it after 
our present delibera t ions. 
Most of the early ultrastructura l observations on 
keratohyalin were on granu les of the type charac-
teristic of human ep idermis, i.e., irregular , elec-
tron-dense areas, intimately associated with tono-
filaments. In recent years, however, atte nLion has 
increasingly been focused upon var ious granules in 
other ep ithe li a, differing in form and density, some 
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of which may be associated with filaments, and 
others not, but a ll of which are labeled keratohYa _ 
lin [54,60,61]. Dense granu les in nuclei are also 
cons idered to be of th is nature [67,68 ]. Out of 
these studies has emerged the concept of t he 
heterogenous composition of keratohyaline gran. 
ules in terms of amount and manner of combina_ 
t ion of different constituents, a situation which wilt 
further complicate attempts to characterize them 
chemica lly [69]. Since the present posit ion on this 
matter has recently been reviewed [70,71J by other 
participants, I need not dwell on it. As for ultra_ 
structure, Lavker and Matoltsy (72 J have recently 
reported a similar substructure of 2-nm particles 
for two different types of granule (from human and 
rat epidermis) and have concluded that this par-
t icula te material represents a specific differentia_ 
t ion product which is mainly responsible for kerao 
tohyaline granule form ation. As far as I can deter_ 
m ine, their observations and conclusions are not ' 
compatible with Brody's l58,591 or Fukuyama and 
Epstein's [73] theories of the origin and nature of 
keratohyalin. The issue would appear to be 
whether keratohyalin is a separate product aSSoci_ 
ated with, but structura lly and chemically distin ct 
from, tonofilaments, or whether it is a structural 
and chemica l amalgam derived from tonofi lam ents 
and other substances. With freeze- fracture, fila. 
ments are individua lly as distinct in replicas of 
granular ce ll s as in those of cells at lower and 
higher leve ls, and keratohyaline granu les are not 
seen. 
Apart from the still unsolved problems of the 
origin and nature of keratohyalin , there remain the 
equally difficult questions of its fate and its contri. 
bution to the final m akeup of the stratum corneum 
cell. One method of approach to the latter prob lelll 
is to consider what can be achieved in its absence 
or in other closely a lli ed epithelia where it varies in 
a moun t and form. In the fetus, t he final condition 
achieved by t he plasma membrane of the periderm 
cell closely resembles that of the stratum corneum I 
ce ll , i.e., deposition of electron-dense material just 
wi thin it (4]. The same app lies to the superficial ' 
" keratinized " cells of rabbit palate [60,61), and 
keratohya line granules are absent in both these 
instances . Thus, it would a ppear t hat keratohyalin 
is not necessa rily involved with th is feature whi ch 
has come to be regarded as one of the hallma rks of 
corn ifi cation or keratinization . The fi laments of 
the periderm ce ll are loosely arranged and sh ow I 
litt le or no tendency to aggregate into bundles· 
neither is there evidence of a specific interfil ame\1: 
tous substance. Thus, keratohyalin may be in. 
volved , either actively or passively, in det~rrnining 
the degree of packing of fil aments. In rabbIt palate, 
however, the filaments are densely packed in 
bundles; in addition, bundle formation in .epider. 
mis precedes the appearance of kera tohyalIn. 
Studies on ditTeren t regions of ora l mucosa 
[60,61) have established that in areas having a 
typical granular layer with epidermal Ly pe granule 
(human and rat pa late, and human gingiva), t he 
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ton ofilaments in the horny layer are embedded in 
an e lectron-opaque matrix , whose overa ll arrange-
ment closely resembles the " keratin pattern" of 
epiderm is. In areas lacking this type of granule ?ut 
con taining other types (e.g., cheek), the tonoftla-
rnents appear individually recognizable and opaque 
against a pale bac kground. These observations sug-
gest t hat the ep idermal type keratohyaline granule 
is indeed involved in the final organi zat ion of the 
internal substance of the stratum corneum cell in to 
a keratin pattern . In human fetal ep idermis [4], t he 
first two or three layers of definitive stra tum cor-
neum cells do not exhibi t a keratin pattern but 
closely rese mble in in ternal fibr illar structure those 
cells of the mature stratum corneum which a re re-
garded as incom~l ete ly different iated [58,5.9 ]. 
These first-generatIOn ce lls may very well denve 
from granular layer cells re latively lack ing in 
keratohyalin ; if so, its involvement as suggested 
would be confirmed. 
EPIDERMAL NONKERATINOCYTES 
While it is clear t hat this symposium is mainly 
con cerned with the ep idermal keratinocytes, some 
mention of the nonkeratinocytes is app ropri ate. 
Langerhans Cells 
These rogue cells of the epidermis still present 
numerouS problems [11) . Developmental studies 
have estab li shed their presence within the epider-
mis in a fully differentiated state by 14 weeks [74 ) 
and the fact that they divide in situ (Fig. 8), but 
their identifi cation at earl ier ages has proved 
difficult because of the uncerta inty of distinguish -
ing between possible immature stages without 
characteristic granules and melanocytes which 
have not yet com menced melanogenesis (Fig. 9). 
Active melanocytes have been obse rved as early as 
8 weeks [75), so any posit ive ident ification of 
Langerhans ce ll precursors would have to antedate 
t his. Apart from one observation at 6 weeks [76), 
nonkeratinocytes have not been repor ted in early 
. epiderm is. 
These difficulties have obscured the ultimate 
origin of the Langerhans cell. An imal experiments 
have clearly established they they do not stem 
fro m the neura l crest and have finally dissociated 
t hem from a melanocyte lineage [77,78). Observa-
tions on histiocytosis-X [79) and their demonstra-
t ion in various other situations [80) are increas-
ingly confirming their mesenchymal origin [11), in 
which case one might expect to see them traversing 
the ep iderm al- dermal junction sometime before 
the 12th week. However, no such migration has yet 
been observed ; in addition , the diffi cul ty remains 
of distingui shing between presumpt ive Langerhans 
cells en passage and melanocytes embarked upon 
t he same journey . Reams and Tompkins [78) have 
recently produced experimen ta l evidence in the 
mouse purporting to show that Langerhans cells do 
not stem from mesenchyme, and these aut hors 
have revived t he suggestion that the ce lls ar ise as 
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divi"sion products from basal keratinocytes. T heir 
ev idence requi res more critical and lengthy eva lua-
tion than is possible here, but it rests fina lly upon 
acceptance of the belief, which some wou ld doubt, 
that t he ATPase method is spec ific for Lange rhans 
cell s, upon confide nce that their appa rently pu re 
ectodermal grafts prepared by trypsinization d id 
not contain any mesenchymal cell s, and upon light 
microscopic evidence that mesenchymal cells we re 
not present in embryo mouse ectoderm before its 
isolation at 10.5 days. It is a pity that these workers 
apparent ly did not check this last poin t or their 
ATPase materia l by electron microscopy since this 
would have greatly strengt hened their evidence. 
Nevertheless, it is sufficiently weighty to require 
carefu l balancing against a mass of c ircumstantia l 
evidence which suggests that Langerhans cells are 
of mesenchy mal origin . The only observations 
which might be cited in support of their conclus ions 
are iso lated reports of Langerhans granules in feta l 
keratinocytes [81 ], but such an occurrence is open 
to a number of differen t in te rpretations. One must 
conclude that the question of the deve lopmenta l 
origin of the ep idermal Langerhans cell remains as 
open as ever. 
The same app lies to the vexing questions of the 
genera l function of t his ce ll, its ul t imate fate (there 
is no evidence that it is a squamous cell), and the 
origin and nature of its characteristic marker, t he 
Langerhans granu le. T hese problems have recently 
been reviewed by Wolff [11] and li ttle of real 
significance in relation to them has been publi shed 
since except for Mackenzie's [13) observations, 
which .suggest that Langerhans ce lls are involved 
. wit h the establishment of an ordered columnar 
arrangement of keratinocytes . A recent study of 
the apparent ly identical granule of t he histiocyto-
sis-X ce ll by the freeze- fracture technique [82) has 
yielded li ttle except to confirm the accuracy of 
previous three-d imensiona l reconstructions of the 
granu les based upon serial thin sections [83). 
Prunieras's [12) suggestion that Langerhans ce lls 
are involved with immune reactions has been 
accepted rather slowly, but a recent report [84 ] 
claims to have shown they have a role in contact 
a llergy. The most intriguing observation in thi s 
study was the appearance of a Langerhans cell in 
the lumen of a dermal vesse l. Where next. one 
wonders? 
M erhel Cells 
Many aspects of thi s cell have been clarified by 
recent ultrastructura l studies [4,85,86 ]. Direct ob-
servations on fetal skin have conc lusive ly shown 
that,. during development, it migrates from the 
dermis into the ep idermis and therefore cannot be 
a modified keratinocyte as previously thought. 
This is a signifi cant conclusion in t hat it underlines 
the fact that desmosomes and associated cytofila-
ments are not a bsolu te criteria for specifying the 
epiderm al keratinocyte. By t he same token, it 
might be argued that the absence of these features 
12 
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need not excl ude a ce ll from the keratinocyte 
lineage; this would let the Langerhans cell in , as 
Reams and Tompki ns suggested [78], but perhaps 
t hi s is pushing things a bit too far. 
The close association between derma l Merkel 
cell s and peripheral axonal-Schwann ce ll com-
plexes in feta l skin has led to the suggestion that 
t hey a re of neura l-crest or igin . Th is hypothesis 
might well be tested by neura l-crest ab lation 
experim ents in such anim als as the mole or opos-
su m which have loca li zed areas of ski n rich in 
Merkel ce ll s. If t hi s should prove tenab le, t he 
Merkel ce ll might be regarded as related to the 
Schwann ce ll or as a specific neurosensory receptor 
ce ll , as has indeed often been suggested . T he latter 
seems more likely in view of Chen, Gerson, and 
Meyers's [87 ] recent demonstration of a synapse-
like relation between the ce ll and its associated 
nerve termina l. T he dense-cored granu les of the 
Merkel ce ll are morphologica lly similar to monoa-
mine-conta ining granules of receptor ce lls in other 
sit ua t ions, but so far, t he ir exact nature has not 
been e lucida ted . Recently, using electron micro-
scopica l cytochem istry and microspectrophotogra-
phy, Lauweryns, Cokelaere, and Theunyck [88] 
demonstrated serotonin within similar granules of 
ce lls in rabbit respiratory mucosa. A simila r inves-
t igation of the Merkel ce ll might yield something. 
On t he basis of its genera l morphology and rela-
t ionship to its nerve termina l, t he Merke l ce ll 
appears to be a mechanoreceptor, but the appear-
a nce of the granules suggests it is a chemoreceptor. 
Perhaps it functions in both capacit ies. 
Melanocytes 
I will make no more than passing reference to 
the melanocyte. Certa inly. over the years, this cell 
has been well worked over by electron microsco-
pists, and it is clear from the proceedings of the Jast 
Internationa l Pigment Ce ll Conference [89] that 
t he law of diminishing returns is a lready beginning 
to operate, at any rate as regards its basic ul tra-
·structure and the fine structure and on togeny of 
t he melanosome . Bigger, if not better , melano-
somes a re being described [90 ]. A recent freeze -
fracture study [33] produ ced some pretty pictures, 
b ut li tt le else of note except to refute the views of 
t hose who regard the in ternal organization of the 
melanosome as " membranous" rather than "fila-
mentous. " The concept of the "epiderma l melan in 
unit" [10] has enjoyed a much wider vogue than 
either of its midwives could possibly have hoped 
for, bu t it has come close to being fl ogged to death 
in certain quarters. Future research on t he melano-
cyte will be concerned more and more with t he 
biochemica l and ap plied aspects of skin pigmenta-
tion , and the functional morphologist can be satis-
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fied that he has provided the essential basis for 
such investigations. 
Other Cells 
Dendriti c nonkeratinocytes without specific cy-
top lasm ic identifyi ng features such as Langerhans 
granules, melanosomes, Merkel granu les or what-
not, can be seen in sections of normal ep idermis of 
m any species and in particular experimental cir-
cumstances. Most authors would probably agree 
t hat these represent var iants or immature forms of 
melanocytes or Langerhans cell s and refer to them 
as such . Others, t hough sharing their belief about 
t he probable nature of the cells, have taken to 
referr ing to them by newly manufactured names 
which I sha ll not mention . T his is regrettable and 
has already given rise among the uninitiated to the 
erroneous idea that t here are one or two add itional 
types of nonkeratinocytes in the epidermis. It has 
become my custom to stamp on these nam es when-
ever I encounter them, and I wou ld invite a ll of you 
to join me in this admirab le exercise whenever the 
opportuni ty arises. 
CONCLUSION 
T here are some books one is a lways reaching for 
to check some dimly remembered fact not available 
elsewhere or to seek an authoritative background 
for deve l~ping or presenting a new idea. Such a 
book is The Epidermis [91 ], t he published proceed-
ings of the last sympos ium on thi s subject organ ized 
by Dr. Montagna and hi s associates. T his book 
rightly ranks as a classic which has done much to 
direct the course of basic research on the ep idermis 
over the past ten yea rs. T his symposium issue of 
The Journal of Investigative Dermatology includes 
reviews of further aspects of this work, and it would 
be natural for us to hope that they may be consid-
ered, if not of equa l im pact, at any rate of sufficient 
signifi cance and interest to sti mulate conti nuing re-
search on the man y prob lems sti ll remaining. 
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